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The research information gathered in this study is presented in this thesis and 
separated into three parts (subheadings) as follows:  
 
Part 1: Morphological and structural characterization of haemo-lymphocytes of 
Oncomelania hupensis (Gastropoda: Pomatiopsidae) 
 Haemo-lymphocytes play an important role in an innate immunity defense 
system of Oncomelania hupensis. The present study provides information concerning 
morphological and functional basis of defense cells of O. hupensis observed through 
optical microscopy (light and fluorescence) and electron microscopy (SEM and TEM). 
In this study, three categories of haemo-lymphocytes, containing large, medium, and 
small nucleus, were distinguished based on their shape, size, surface structure, 
characterization of cytoplasm. The results revealed that the haemo-lymphocytes 
nucleus appeared round or oval shaped with rough surface, and contained very high 
density of granules; the nucleus was encircled by cytoplasm. The nucleus diameter of 
large, medium, and small haemo-lymphocytes ranged from 8.1 - 8.6 μm, 5.5 - 6.0 μm, 
and 4.2 - 4.7 μm, respectively. Haemo-lymphocytes could be surrounded by numerous 
SRBC. The present research investigation confirms several previous reports 
concerning haemocytes of O. hupensis and opens the door for further research into the 
function and structure of O. hupensis haemo-lymphocytes. 
 
Part 2: Histological obsevations on the distribution of three sizes of haemo-
lymphocytes in Oncomelania hupensis infected with Schistosoma japonicum 
(Trematoda: Schistosomatidae) 
  Detailed understanding of the defense mechanism of Oncomelania hupensis 
(the intermediate host of schistosomiasis), particularly the haemo-lymphocytes, 
should be beneficial in formulating control strategies of schistosomiasis disease 
transmission. In this study, qualitative and quantitative investigation of haemo-
lymphocytes in healthy non-infected O. hupensis, and infected O. hupenssis (after 
infection with Schistosoma japonicum) was conducted through histological sectioning 
of infected snails at post-infection days 3, 5, 7, 12, 16, 20, 25, 30, 35, 40, 45, 50, 55, 















eosin stain to investigate the haemo-lymphocytes number and their distribution in 
infected snails verses non-infected (control) snails. After staining, haemo-
lymphocytes appeared to have a circular nucleus and densely packed granules inside 
the cell with entire cytoplasm stained deep blue in color. The haemo-lymphocytes 
were divided into three types based on their nucleus size: small, medium, and large 
with a diameter range of 4.2 - 4.7 μm (small), 5.5 - 60 μm (medium), and 8.1 - 8.6 μm 
(large). Post-infection increase in numbers of haemo-lymphocytes in five separate 
organs of infected snails including foot, pericardial, gastrointestinal, alimentary gland, 
and genital regions was observed. The area richest in haemo-lymphocytes was the 
pericardial region and the least number of haemo-lymphocytes was present in the foot 
region. The numbers of all three nucleus sized haemo-lymphocytes in all studied   
parts of the snail body were clearly increased at beginning, and then slightly 
decreased later after infection with S. japonicum, with the medium nucleus size of 
haemo-lymphocytes forming a majority of the population and the large nucleus size 
and small nucleus size haemo-lymphocytes occurring in relatively small numbers. 
Data gathered during the present study add to the basic knowledge useful in 
understanding the defense mechanism of O. hupensis in response to S. japonicum 
infection, and leads to further research on schistosomiasis with the aim of controlling 
the disease more effectively. 
 
Part 3: Observations on size of Oncomelania hupensis and larval development of 
Schistosoma japonicum in the snails 
 At present, blood fluke infection caused by Schistosoma japonicum remains a 
major public health concern in Asia and specifically in some regions of China. The 
disease is transmitted to human and some other vertebrates by the invasion of 
infective cercarial stage of the parasite through skin of the vertebrate hosts. The 
cercariae are released from infected fresh-water snail, Oncomelania hupensis, and an 
important intermediate host of S. japonicum. In this study, 120 randomly field-
collected O. hupensis, were measured for their shell length, shell width, and weight. 
These measurements of O. hupensis shell length ranged from 6.15 - 11.30 mm 
(average = 8.47 mm), shell width 2.99 - 4.65 mm (average = 3.70 mm), and weight 
0.03 - 0.10 g (average = 0.06 g). Based on these measurements, O. hupensis were 
divided into three size groups: large (shell length range: 9.00 - 10.30 mm), medium 















Additionally, post-infection gradual development of S. japonicum larvae in O. 
hupensis was investigated and illustrated through microtomed different body parts to 
confirm that all experimentally infected O. hupensis in this study were truly infected 
by S. japonicum. 
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 Schistosomiasis (also known as bilharziasis) is a parasitic disease and is one of 
the major human health problems worldwide. It leads to chronic ill health caused by 
blood flukes (trematode worms) of the genus Schistosoma. Infection is acquired from 
infected freshwaters containing the larval forms (cercariae) of blood flukes, known as 
schistosomes. The major schistosome species that are known to infect humans include 
urinary schistosomiasis, in which the bladder is affected, caused by S. haematobium 
and occurs in Africa and the eastern Mediterranean. Intestinal schistosomiasis results 
from infection with S. mansoni (endemic to Africa, the eastern Mediterranean, the 
Caribbean, and South America) or S. japonicum, the Asian or oriental schistosome 
(endemic mainly in China and to a lesser extent in the Philippines). 
 History: 
 1950 BC: Egyptian pharaohs record information about urinary/bladder 
infections. 
 1200 BC: Mummy uncovered with cirrhosis of the liver and the presence of a 
schistosome egg. 
 1847: “Katayama fever” an associated symptom characterized by Japanese 
doctor, Y. Fujii. 
 1851: Dr. Theodore Billharz, working in Egypt, identified the worms 
responsible for Schistosomiasis. 
 1904: S. japonicum identified in a house-cat. 
 1904-1918: Intermediate snail host of S. japonicum and S. haematobium were 
identified. 
Archeological studies have revealed that schistosomiasis japonica has a very 
long history in China. Schistosoma japonicum eggs were identified in a female corpse 
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1971 in Hunan province 
[1,2]
. Schistosome eggs were also found in the liver of another 
corpse buried 100 years earlier in Jianglin Hsien, Hubei province [3]. In old volumes 
of traditional Chinese medicine 
[1]
, a description of clinical symptoms resembling 
Katayama fever (acute schistosomiasis) can be traced back to 400 B.C. An American 




1.1.2 Taxonomic classification of Schistosoma spp.  
 Kingdom: Animalia 
 Phylum: Platyhelminthes 
 Class: Trematoda 
 Order: Strigeidida 
 Superfamily: Schistosomatoidea 
 Family: Schistosomatidae (Poche, 1907) 
 Genus: Schistosoma (Weinland, 1858) 
 Species: S. japonicum (Katsurada, 1904) 
    S. mansoni (Sambon, 1907) 
    S. haematobium (Bilharz, 1852; Weinland, 1858) 
    S. intercalatum (Fisher, 1934) 
    S. mekongi (Voge Bruekner and Bruce, 1978) 
    etc. 
 There are more than 20 species of schistosomes, which are named from the 
Greek schistos, meaning “split” or “divided,” and soma, meaning “body.” Their 
classification is based on their flat body structure (thus they are classified in the 
Phylum Platyhelminthes, meaning broad worm), and they are considered trematodes 
(from the Greek term, meaning “a hole”) because of the characteristic ventral and oral 
suckers present in the adult. Additionally, these two sets of suckers have earned them 
a place in the subclass Diastomata, meaning “two-mouthed,” although this 
classification is more archaic. 
1.1.3 Oncomelania hupensis 
 Oncomelania hupensis (Gastropoda: Pomatiopsidae) is a unique intermediate 
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